This Reference Material (RM) 8785 is intended primarily for use in the evaluation of analytical methods used to characterize the carbon composition of atmospheric fine-particulate matter (PM) for national air quality monitoring programs. This RM consists of only the fine fraction (nominally < 2.5 µm aerodynamic diameter) of SRM 1649a Urban Dust resuspended in air and filtered onto quartz-fiber filter. RM 8785 also provides the atmospheric chemistry and ocean-sciences community with a means to inter-compare methods and laboratories for the measurement of elemental (black) carbon. RM 8785 has value-assignments for total carbon, elemental carbon and organic carbon measured according to two thermal-optical methods: the NIOSH and IMPROVE protocols [1,2].
All phases of the project that include filter selection, gravimetric analysis, resuspension and collection, inter-laboratory and-methods comparison, and data analysis were coordinated by G.A. Klouda Support aspects involved in the issuance of this RM were coordinated through the NIST Office of Reference Materials.
PREPARATION AND ANALYSIS (1)
SRM 1649a -Feedstock for RM 8785: Although SRM 1649a Urban Dust was collected in Washington, DC during 1976-77, today it remains a valuable material for inter-comparison of methods and laboratories. The advantages of this feedstock was its immediate availability, its proven stability over time, and its known carbon composition. Through inter-laboratory and methods comparisons, SRM 1649a has been certified for total carbon and has been assigned values for select trace-carbon species and carbon-isotopes [3 −9] . RM 8785, only the fine fraction of SRM 1649a, is expected to have a similar, but not identical, chemical composition as the complete SRM 1649a material.
Resuspension and Collection of SRM 1649a on Quartz-Fiber Filter:
The NIST RM 8785 Air Particulate Matter on Filter was produced at SRI International by resuspending SRM 1649a in air and by collecting the aerosol on 320 quartz-fiber filters in each of 7 batches for a total of 2240 filters [10−12] . SRI's dust generation and collection system incorporates the following components to generate an aerosol:
• Dust feeder -delivers a continuous stream of aerosol material
• Sonic velocity disperser -breaks up agglomerates and dilutes the aerosol • Settling tower -removes large particles that survive the sonic airflow • Sampling collection chambers -houses 320 filter packs to simultaneously collect the aerosol on 320 filters under matched flow (2 L min -1 ) conditions. Figure 1a is a photograph of the SRI system. Figure 1b is an operational flow diagram of the generation and collection system. Figure 1c is a schematic of the sampling collection chamber [13] . Each filter is housed in a URG Corp. filter pack, specially designed to pass only particles nominally less than 2.5 µm aerodynamic diameter, and has a set of characteristics that provides a unique identification: filter identification number, mass loading, batch, chamber, and position.
The mass of urban dust on each filter was determined gravimetrically before and after the resuspension and collection process [14] . Prior to gravimetric analysis, quartz-fiber filters were conditioned in an average temperature of 21.5 °C within 1.5 °C and a relative-humidity of 35 % within 5 % (absolute) controlled clean room for a minimum of 24 hours. Each filter was visually examined for pinholes and creases as part of filter acceptance testing. Gravimetric analyses were conducted on a Mettler Toledo MT5  microbalance with a sensitivity of 1 µg. The filters were hand-carried from Desert Research Institute's (DRI) facility (Reno, NV) to SRI International prior to and after resuspension sampling to minimize particle losses during transit.
(1) Certain commercial equipment, instruments, or materials are identified in this certificate to adequately specify the experimental procedure. Such identification does not imply recommendation or endorsement by the National Institute of Standards and Technology, nor does it imply that the materials or equipment identified are necessarily the best available for the purpose. Process blanks were prepared for possible chemical analyses and weighing controls were obtained to estimate potential bias in the gravimetric measurement. Quartz-fiber filters are friable, and although they were carefully emplaced and removed from the filter holder, some material may have been lost from some filters. Filters also adsorb organic vapors that can increase their mass.
Gravimetric Results: The distribution of PM-mass loadings with respect to chamber position, chamber and batch appears quite variable. After nine outliers with negative loadings and appearing damaged were removed, there remained 2231 filters (see Appendix). The average mass, the standard deviation and the standard uncertainty of the mean [15] were 1.064 mg, 0.414 mg and 0.009 mg, respectively. This corresponds to a relative standard deviation of 38.9 % and a relative standard uncertainty of the mean of 0.9 %. We note that the median of the 2231 filters was 1.022 mg with a standard uncertainty (via bootstrapping) of the median of 0.009 mg (0.9 %). Also, note that there is little difference between the mean (1.064 mg) and the median (1.022 mg); for simplicity we have chosen the mean for the final reported value. See Figure 2 for a histogram and summary statistics.
RM 8785 INTER -LABORATORY AND -METHOD COMPARISON
Objective: The objective of the intercomparison was to obtain value assignments [16, 17] and uncertainties [15] for total carbon (TC), elemental carbon (EC) and organic carbon (OC) content (in g•g -1 dust) and the EC/TC ratio of RM 8785 filters using two specific thermal-optical analysis (TOA) methods: the "STN-NIOSH" and the "IMPROVE." The STN-NIOSH is the NIOSH (National Institute of Occupational Safety and Health) Method 5040 [1, 18] , with a slightly modified temperature profile for the Environmental Protection Agency (EPA) PM 2.5 Chemical Speciation Trends Network [19] , applied to an original thermal-optical transmission (TOT) instrument and to the new version of the TOT instrument; analyses performed by NIST and Sunset Laboratory Inc. (SLI), respectively. The IMPROVE (Interagency Monitoring of Protected Visual Environments) Method [2, 20] was applied to the DRI/OGC (original) thermal-optical reflectance (TOR) instrument and a DRI Model 2001  (new version) of the TOR instrument; both analyses performed by the Desert Research Institute (DRI). The IMPROVE protocol has been previously compared to the NIOSH protocol by measuring PM 2.5 in ambient and source samples using DRI's thermal-optical reflectance (transmission) instrument [21] . Also, a more recent study has focused on optimizing TOA instruments for measuring atmospheric elemental carbon by studying the response surface of a TOT instrument [22] .
Experimental Design and Filter Selection [23-25]:
In order to intercompare methods and laboratories, the RM 8785 filter population was divided into eight mass intervals, considering that the relative standard uncertainty of mass loading was 39 %. The mass intervals were defined by the ordering of all 2231 filters from the least loaded filter to the heaviest loaded over the entire mass range, nominally 0.09 mg to 2.9 mg per filter, divided by eight (octile). The octiles are listed in Table 1 with their summary statistics: number of filters (n), minimum, maximum, median, range, average, standard deviation of the data, and relative standard deviation; each octile contains 279 filters, except for the eighth octile with 278. From each octile, two filters were randomly selected for each laboratory. An additional filter was randomly selected from each of the eight octiles for round-robin distribution, one punch per filter sent to each of the four laboratories. The filter selection represented a balanced design with replication and round-robin sampling. For this design, 72 filters (i.e., 8 octiles x 2 replicates x 4 instruments + 8 round-robin filters) were consumed for value-assignment.
Note: Originally, four laboratories were identified for the intercomparison, two TOR labs and two TOT labs. Later, one TOR laboratory was replaced by DRI using the new version TOR instrument. During the interlaboratory study, samples of RM 8785 were identified as "SRM 2784". SRM 2784 is the SRM number reserved for this material, once certification of an analyte is obtained. a Standard deviation of the data [15] . Number in brackets is the relative standard deviation in percent.
Reference Solutions: Each laboratory received two Reference Solutions and HPLC Water (blank) contained in 4.5 mL Certan capillary bottles: a urea solution of 0.203 µgC•µL -1 and a sucrose solution of 4.078 µgC•µL -1 .
Microliter water-type syringes were used to transfer solution volumes from the Certan vial onto an unused pretreated (900 °C) quartz filter punch of an area specified by the method. These so called control-filter punches were defined as follows:
• C1 was 5 µL of 0.203 µgC•µL -1 urea • C2 was 5 µL of 4.078 µgC•µL -1 sucrose • C3 was 25 µL of 0.203 µgC•µL -1 urea • C4 was 20 µL of 4.078 µgC•µL -1 sucrose • C5 was HPLC water blank used to prepare the solutions For the IMPROVE method, C4 was defined as 10 µL of 4.078 µgC•µL -1 sucrose since 20 µL saturated the detector. Control-filters were prepared the day of the analysis and provided a means to evaluate the calibration of each instrument on a daily basis over the range of carbon concentrations expected.
Laboratories, Methods and Thermal-Optical Analyses:
A set of RM 8785 filters was analyzed by DRI for total carbon, elemental carbon and organic carbon using the DRI/OGC TOR instrument and applying the IMPROVE protocol [2, 20] . A second set of RM 8785 filters, originally targeted for analysis by a second laboratory also having a DRI/OGC TOR instrument, was also sent to DRI and analyzed using and the DRI Model 2001  thermal/optical analyzer that differs somewhat from the DRI/OGC design [21] . Both sets of measurements were performed at DRI and are designated as follows: DRI = DRI/OGC TOR and DRI2 = DRI Model 2001  TOR.
A third set of RM 8785 filters was analyzed by SLI for total carbon, elemental carbon and organic carbon using the new version TOT instrument and applying STN-NIOSH Method. A fourth set of RM 8785 filters was retained by NIST and analyzed using an original TOT instrument and also applying the STN-NIOSH Method. TOT laboratories are designated as follows: NIST = original TOT and SLI = new version TOT.
Each laboratory was instructed to measure each filter in triplicate according to a strict measurement protocol [23, 24] ; except for the eight round-robin filters of which only one punch per filter was analyzed by each laboratory-method. If there appeared to be an outlier among the triplicate measurements, laboratories were instructed to analyze a fourth aliquant. The total number of carbon measurements across all laboratories-methods amounted to 232.
Reference Values: Total carbon concentrations were reported by the laboratories in units of µg•cm -2 . A value assignment was determined for each method. The total carbon concentration (µg•cm -2 ), adjusted for laboratory bias, was regressed against its corresponding mass of fine particulate SRM 1649a for all measurements obtained from each method [25] . Reference values and expanded uncertainties (U) for each method are reported as gram of total carbon per gram of fine-particulate SRM 1649a deposited on the filter (Table 2 ). The total carbon reference value for all four laboratory-methods combined is 0.229 ± 0.050 g•g -1 (U, n = 4); no correction for blank total carbon. Reference value, mass fraction c The expanded uncertainty is U = 2u, where u is the standard deviation of the coefficient. The quantity U serves as a basis for computing 95% confidence limits for the true parameter value. The unweighted standard deviation (u) of the mean of these two values was computed and U = 2u was reported in the Table 2 .
Information Values: Carbon concentrations were reported by the laboratories in units of µg•cm -2 . The elemental and organic carbon concentrations (µg•cm -2 ) adjusted for laboratory bias, were each regressed against their corresponding mass of fine particulate SRM 1649a for all measurements obtained from each method [25] . Information values and expanded uncertainties (U) for each method are reported as gram of carbon per gram of fine-particulate SRM 1649a deposited on the filter (Table 3) . 
Method
Elemental Table 3 for each method is the average obtained from the two corresponding instruments. c The expanded uncertainty is U = 2u, where u is the standard deviation of the coefficient. The quantity U serves as a basis for computing 95 % confidence limits for the true parameter value. The unweighted standard deviation (u) of the mean of these two values was computed and U = 2u was reported in the Table 3 .
NOTICE AND WARNING TO USERS
Storage: Until use, it is recommended that RM 8785 be stored in its original container at less than 20 ºC.
Handling: This material is naturally occurring urban atmospheric particulate matter and may contain constituents of unknown toxicities; therefore, caution and care should be exercised during its handling and use.
Stability: For information regarding the stability of RM 8785, refer to the Certificate of Analysis for SRM 1649a Urban Dust [3].
INFORMATION FOR USE
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